Globally, amphibians face many potential threats, including international trade. However, there is a lack of knowledge regarding the types, levels and dynamics of the amphibian trade at the global scale. This study reviewed the trade in CITES-listed species between 1976 and 2007. Four main trade groups (eggs, skins, meat and individuals) were identified. Trade in amphibian leather focused on Hoplobatrachus tigerinus (5,572 individuals), whereas trade in eggs focused on Ambystoma mexicanum (6,027 eggs). However, for the entire study period , trade in skins and eggs was small compared with trade in meat and live animals. The meat trade was estimated to be worth . USD 111 million, whereas the trade in live animals was estimated to be worth . USD 11.5 million in only three of the genera involved. Trade dynamics have changed as a result of changes in legislation, such as a ban on H. tigerinus exports from Bangladesh for meat. Within the live trade 22 species categorized as either Critically Endangered or Endangered were traded during the study period, and these require greater attention. International trade and potential conservation benefits are affected by countries supplying captive-bred individuals to their domestic markets as this trade goes unrecorded. However, this study only investigated trade in species listed by CITES, and other species may comprise a significant additional component of international trade. The trade in amphibians is dynamic, and changes in both the types of trade and the species concerned were identified over the study period. Conservation concerns have multiplied from issues concerning population depletions to include indirect impacts associated with disease, predation and competition, which requires a reappraisal of data capture and reporting.
Introduction
A mphibians are currently facing a global extinction crisis (Stuart et al., 2004; Gascon et al., 2007; Corey & Waite, 2008; Wake & Vredenberg, 2008; Warkentin et al., 2009) . Seven major drivers of extinction have been identified (Gibbons et al., 2000) , including conventional threats such as habitat destruction and introduced species (and synergies between them), as well as commercial trade.
Although the Global Amphibian Assessment (2008) provides an overall review of conservation status, most other studies focus on distribution patterns (Brooks et al., 2007) , attempting to predict future declines (Bielby et al., 2008) and regional patterns (Andreone et al., 2005 (Andreone et al., , 2008 Burgess et al., 2007) . Few studies have reviewed the trade in amphibians from a global perspective. For example, previous studies have concentrated on the meat (frogs' legs) trade (Oza, 1990; Veith et al., 2000; Warkentin et al., 2009) or on the live trade of amphibians from a single source country destined for the international pet market (Carpenter et al., 2007; Carpenter & Robson, 2008) . There is a lack of understanding of the level and temporal dynamics of the amphibian trade at the global scale (Stuart et al., 2004) . Following the amphibian conservation summit of the IUCN Species Survival Commission, Gascon et al. (2007) highlighted six priority areas: (1) sustainable use, (2) species action plans, (3) trade monitoring, (4) commercial breeding/raising, (5) law and enforcement, and (6) awareness raising. A review of the trade would facilitate better planning and efficacy of efforts by conservation organizations as well as providing more general knowledge regarding the international trade in amphibians (Schlaepfer et al., 2005; Stuart, 2007) .
Here we provide a comprehensive review of the global trade in CITES-listed amphibian species, to establish a platform of knowledge. We aim to identify the countries involved and the types, levels and complexities of the international trade in amphibians. Specifically, we aim to answer the following questions: (1) What are the types of commercial trade conducted? (2) What are the levels and dynamics of the trade? (3) Which are the major source and destination countries participating in the trade? (4) Which species feature significantly in the types of trade conducted?
Methods CITES monitors the international trade in amphibian species listed in its Appendices (Rosser et al., 2001) . Each CITES member state must submit an annual report with details of their international trade in CITES-listed species, and these reports are submitted via a nominated CITES management authority (MA). The data from each report are collated, uploaded and held on the CITES trade database by the United Nations Environment Programme World Conservation Monitoring Centre (CITES, 2010) .
CITES uses codes under categories within these data sets to indicate where animals were sourced, the purpose of the trade and the form in which the item was traded (CITES, 2004) . CITES also uses standardized nomenclature in an effort to keep up to date with taxonomic changes (CITES, 2009a) . However, there are occasions when CITES is conservative in its adoption of changes in nomenclature. Typical examples of nomenclature variation are exhibited when the literature uses different names, such as the genera Rana and Lithobates, interchangeably or uses names other than those used within the CITES trade database (e.g. the strawberry poison dart frog is named Dendrobates pumilio in the CITES database and Oophaga pumilio on the IUCN Red List). Furthermore, CITES data sets may include species that are not listed in CITES Appendices because regional or national legislation requires the collection and reporting of the trade; for example, Lithobates catesbeianus has been listed, since 1997, on Annex B of the European Commission CITES Regulations because of the risks it poses to native biodiversity (Altherr et al., 2011) .
This review utilizes these reported data for trade in amphibians from the CITES database. Although annual reports should be submitted in October of each year, some reports are added at other times of the year. As a result of delays in reporting, data for the 2 years preceding the year of collation may not reflect the total trade. Therefore, the date on which data are downloaded and collated influences the timeframe for analysis. The data set used in this review, spanning 1976-2007, was collated in August 2008. It includes all trade categories within 'terms', which describes the type of trade conducted (e.g. eggs, meat, live), 'source', from where the individuals were derived (e.g. wild, captive bred, ranched) and 'purpose', the reason for the trade event (e.g. commercial, education, science; CITES, 2009b) . Data downloaded from CITES come in both an import and export data set. However, after an initial comparison of terms to review the types of trade conducted in amphibians, only the net import data were used in the analysis of levels and dynamics of the trade because of the variations and caveats within the CITES trade data set. For greater detail on the rationale for this see Harwood (1999 ), Carpenter (2003 and the World Conservation Monitoring Centre's guide to interpreting the CITES database (CITES, 2010) .
Results
For 1976-2007 14 'terms' were reported in the import data set compared to 11 in the export data set, which are indicative of the different types of trade being conducted. Five 'terms' were reported in both the import and export data sets (bodies, derivatives of amphibians, live individuals, meat and specimens); however, the levels of trade reported under each of these terms were considerably lower in the import data set, an observation consistent with other studies (Harwood, 1999; Carpenter et al., 2004 Carpenter et al., , 2005 . Using just the import data set, 'terms' covering similar types of trade were grouped into a single category and the values of trade reported for each 'term' accumulated ( Table 1) . This resulted in four groupings: (1) eggs, (2) skins, (3) meat, and (4) live animals ( Table 1) .
Eggs
The import of eggs was recorded for Ambystoma mexicanum (6,027; 98%) and Oophaga pumilio (125; 2%) only ( Table 1) . Of the 13 reported trading events for A. mexicanum, 10 were sourced from the USA and two from Canada, and one consignment from Mexico was confiscated/seized in 2003. All the USA-sourced trade, 5,577 eggs (91% of the total reported), was recorded under the source code 'C' (Animals bred in captivity in accordance with Resolution Conf. 10.16 (Rev.); CITES, 2009b). Eleven of the 13 trading events provided a 'purpose' code, of which nine (82%) were 'scientific' ('S') and two, both reported from Canada, were for 'commercial activity' ('T').
Trade in O. pumilio was reported twice, with both trading events, in 1997 (n 5 25) and 1999 (n 5 100), being sourced from wild populations, exported from Costa Rica and imported by the USA. No 'purpose' codes were reported for either trade event.
Skins
The reported levels of trade in amphibian skins/leather and/or skin products ( Table 1) were recorded for four Commission legislation requires the collection and reporting of trade data for this species, thus only EC-reported trade for this species is presented here). One-off trade events were included, such as the import to the USA from Italy, in 1986, of 24 pairs of shoes made from E. hexadactylus leather that originated in Singapore. Another one-off trading event was reported in 2000: five A. mexicanum items were imported to the Republic of Korea from Japan with a purpose code 'Q' (circuses and travelling exhibitions) and source code 'C' (animals bred in captivity). The remaining trade events were all commercial activities (purpose code 'T') involving the skin/leather of two frog species, H. tigerinus (5,572 individuals traded) and L. catesbeianus (189 individuals traded; Fig. 1 ). The reported trade in H. tigerinus was in 1987 (n 5 5,472) and 1988 (n 5 100), and the trade in L. catesbeianus was reported in 2004 (n 5 15), 2005 (n 5 124) and 2006 (n 5 50; Fig. 1 ). There were a total of eight trade events in the two species, with five import and four export countries reported (Fig. 1) . The export/import dynamics were simple one-way, bilateral events, except for Canada being the original source country of animals finally being re-exported to the UK (Fig. 1) .
Meat
Since 1985 two amphibian species, E. hexadactylus and H. tigerinus, have been recorded in the meat trade. All trade consignments were recorded in kg except three events, one reported in 1990 as 160 boxes and two in 1993 as 800 cartons and five shipments (all three events involved H. tigerinus only). All trade events in amphibian meat, considered here to be legs only, were for commercial activities ('T'), where the import 'purpose' had been given. However, out of a total of 178 trading events, only 80 (45%) reported the 'source' of animals, with six source codes being cited: 'C' (captive bred; 54%), 'W' (wild populations; 25%), 'I' (confiscated/seized; 10%), 'F' (animals born in captivity but not fulfilling 'C' definition; 7.5%), 'O' (specimen acquired pre-convention; 1%), plus 'U' (unknown; 2.5%).
Trade relating to E. hexadactylus comprised . 2.7 million kg of meat reported in just 2 years, 1985 and 1986 ( Fig. 2) . Posterior frog legs represent up to 40% of the total body weight (FAO, 2005) , thus using a mean body weight of 129.5 g per animal (Hampson et al., 1998) suggests that . 52 million frogs were imported. However, using a conversion rate of 20-50 animals per kg (Veith et al., 2000) suggests a range of 54-135 million frogs imported.
Nearly 24 million kg of H. tigerinus meat was traded during 1985-2006 ( Fig. 3) . Assuming once again that posterior frog legs represent up to 40% of total body weight and using a mean body weight of 250 g per animal (Daniels, 2005) suggests that 240 million frogs were imported. However, using the conversion rate of Veith et al. (2000) the total number of frogs imported is estimated to be in the range 480 million to 1.2 billion at the upper estimate level.
Therefore, using the lowest and highest estimates for both species above, the number of individual frogs imported for the meat trade ranged from a lower estimate of 292 million to an upper estimate of 1.34 billion.
Individuals (live animals)
A total of 18 genera were reported in the import trade data, totalling 482,292 individuals traded during 1978-2007 ( 
Import
Number and c. 4% was unknown. Specifically, 32% of the total live trade of A. mexicanum (n 5 107,059 individuals) was reported with a scientific ('S') purpose code.
Within the 18 genera a total of 76 known species were traded on the international pet market ( Table 2) . The top 10 most traded species (Table 3) accounted for 78% of the amphibians destined for the international pet trade, and Mantella spp. accounted for a further 4% and would have figured in the top 10 list if it were a single known species. Six Mantella (29%) species were recorded in the top 10 species, three 'Dendrobates' (26%) and a single Ambystoma (22%; Table 3 ). Two species (A. mexicanum and M. aurantiaca) are categorized on the IUCN Red List as Critically Endangered and a third species (M. viridis) as Endangered (Table 3) . Of the 76 known species reported in the international pet trade import data, 23 are categorized as Extinct (n 5 1; in 1979 a consignment of 10 Incilius periglenes was imported to the UK from an unknown export country with no other coding), Critically Endangered (n 5 9) or Endangered (n 5 13) ( Table 4) .
Nearly 86% (91,612 individuals) of A. mexicanum were from captive-bred ('C') sources and just two consignments, in 1994, totalling 74 individuals were harvested from wild populations in Mexico and imported into the USA. However, nearly 14% (14,516) were unknown (left blank) and 764 were seized/confiscated ('I') animals. Conversely, c. 97% of M. aurantiaca and M. viridis individuals reported in the trade were harvested from the wild.
Trade dynamics
In the export data set the first reported trade was in 1976, with one trade event of 200 live A. mexicanum traded between the UK and The Netherlands. In 2007 60 trade events were reported in 22 species, with nearly 5,000 trade events during 1976-2007. Within the import data set the first reported trade event was in 1978, with the import into the UK from Japan of live Andrias davidianus.
In the early 1990s the trade in meat declined by nearly five orders of magnitude and low levels of trade were maintained until a slight increase was reported between 2002 and 2004 ( Fig. 4) . Trade in both skins and eggs was relatively low compared to that involving meat and live animals, although eggs were traded nearly every year between 1997 and 2003 (Fig. 4) .
In contrast, the live trade of animals increased at a mean rate of c. 28% each year since 1978 ( Fig. 4) . Of the 23 species of greatest conservation concern (Table 4), 52% were from the three main genera reported in the trade (Fig. 5 ; Table 2 ). All of the top 10 most traded species were also included in the list of 23 species of greatest concern (Table 3). Over half the volume of trade for the entire review period occurred during the last 6 years, i.e. 2001-2007 ( Fig. 5, inset) and was dominated by Mantella ( Fig. 5 ; Table 2 ).
Discussion

Eggs
Overall the trade in eggs was a relatively small component of the international amphibian trade. Only two species (A. mexicanum and O. pumilio, both from the New World) were involved in this type of trade. Both of these species were in high demand. All the O. pumilio eggs traded were wild sourced, whereas A. mexicanum eggs were sourced mostly (93%) from captive-breeding centres in the USA. Thus, these transactions can be viewed as 'neutral' in terms of conservation concern. It should also be stated that 2003 was the last year for which international trade in A. mexicanum was reported and 1999 was the last year for O. pumilio, indicating that international trade in the eggs of these two species may have ceased.
Skins
Four species were reportedly involved in the skin trade, the dominant two being H. tigerinus and L. catesbeianus. However, as stated in the methods, the only data available for the latter non-CITES species are those reported for international trade involving European Commission countries and must therefore be viewed as only a small proportion of the total trade in this species (Altherr et al., 2011) . International trade in amphibians 569
The trade events for the other two species involved extremely small numbers and appeared to be novelties but the trade in the dominant two species was for commercial purposes and occurred in two short periods of time (2 years for H. tigerinus and 3 years for L. catesbeianus). The trade in H. tigerinus appears to have been a one-off, whereas the trade in L. catesbeianus was more recent and possibly continues. However, as L. catesbeianus is not listed by CITES, there is no requirement for CITES permits internationally and consequently there is no means of recording and reporting any trade in this species. However, the European Commission has introduced legislation that requires member states to report any trade conducted in this species on their CITES report submissions because of potential negative impacts on native fauna (Altherr et al., 2011) . L. catesbeianus has been introduced to locations worldwide as a biocontrol agent to support farming and as a food source (FAO, 2005) . Although the species is categorized as Least Concern on the IUCN Red List, its listing as one of the top 100 world's worst invaders by the IUCN's Invasion Species Specialist Group raises conservation concerns. These concerns are based on expanding populations of the species where it has been introduced and the negative wider impacts it can have, such as on ecosystem change, disease transmission, competition and predation (Crayon, 2009) . This raises an interesting alternative reason for listing a species on CITES. Rather than the issue being centred on the trade having a non-detrimental finding (i.e. the trade does not threaten the survival of the species) as reported by the Management Authority, a rationale for listing and monitoring a species could be based on the known negative impacts, either direct or indirect, that a species can have on an importing country's native fauna. Whilst such a basis is not the focus of CITES per se, it could nevertheless be the best mechanism for capturing and managing such data.
Meat
Previous studies have cited high economic values for the trade in amphibian meat; for example, USD 40 million (Gratwicke et al., 2010) . However, using the 2006 price of USD 4.17 (imported) per kg (Gratwicke et al., 2010) , the total value for the meat trade reported within this study period was estimated at . USD 111 million. Over 95% of this trade was in just one species (H. tigerinus), which had two trade phases. It was traded firstly from Bangladesh, up to 1992/1993, then this was replaced by trade from Vietnam. Officially, Bangladesh banned exports of frogs' legs in 1989, as did India in 1987; however, the actual export of frogs only ceased following a proposal to CITES Conference of the Parties 8 (Altherr et al., 2011) . The numbers of animals involved in this type of trade were extremely high and although harvesting from the wild contributed substantially to these numbers, the extraction of individuals for meat received limited conservation attention (Warkentin et al., 2009) , especially regarding the two species listed here.
Recently, much conservation interest has focused on the potential spread of disease by amphibians in the meat trade, specifically chytridiomycosis, caused by the fungus Batrachochytrium dendrobatidis (Daszak et al., 2007; Schloegel et al., 2009a,b; Gratwicke et al., 2010) . However, the UN Food and Agriculture Organization (FAO), which promotes the farming of frogs and has stated that the vast majority of trade is in frozen frogs' legs, a statement supported by Warkentin et al. (2009) , describes practices that potentially negate disease transmission within this type of trade (Crayon, 2009) . The FAO provides guidance to farmers on how to humanely dispatch a frog, remove the skin, wash the legs in chlorinated water and freeze the legs at *15 ± 2°C for storage and transportation (Crayon, 2009) , all of which potentially removes or at least reduces the possible threat of disease transmission via this type of trade.
An important aspect of the meat trade that was beyond the scope of this review is the demand for frogs as a protein source by local people. In this situation the species involved could be very different to those traded internationally, such as witnessed in Madagascar (Jenkins et al., 2009) , and could possibly be species of high conservation concern.
Individuals (live animals)
Although low relative to the meat trade, the trade in live animals destined for the international pet market attracts much conservation attention. A total of 18 genera were reported in the trade within the study period, with three dominating the live trade: Mantella, 'Dendrobates' and Ambystoma. In the case of Ambystoma 68% was for the pet trade and 32% for scientific purposes. That 78% of the total live trade was accounted for by just 10 species and the majority of individuals were harvested from wild populations indicates why much attention continues to be afforded to these species, and will be until such a time that sustainable harvesting criteria can be met (Carpenter et al., 2007) . Over a third of individuals were sourced from captive-breeding centres; however, it is probable that captive-bred individuals account for a higher proportion of live-traded individuals, taking into account the demands of internal markets. For example, both 'Dendrobates' and Mantella are bred commercially in large numbers in the EU and USA and captivebred animals now probably meet most of the commercial demand within those areas (R. Griffiths, pers. obs.). Where these individuals are supplied to meet demands from within the same country, CITES permits are not required, resulting in these individuals being omitted from any such review. However, from a conservation perspective, priority should be given to wild populations and their habitats. Therefore, the data presented here should be viewed as a proxy for the levels of extraction from wild populations. CITES has previously raised concerns over the non-detrimental finding calculations reported for Mantella by Madagascar 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 (CITES, 2011; UNEP-WCMC, 2012), highlighting the need for quota calculations to be checked for at least the top 10 species.
Reviewing the number of species traded within each genus ('Dendrobates', 26 species and 151,393 individuals; Ambystoma, two species and 107,086 individuals; Mantella, 14 species and 193,600 individuals) and the number of years for which trade is reported indicates that Mantella is the genus of most concern, with . 12,000 individuals on average traded each year. This is followed by 'Dendrobates', with 6,882 individuals traded per year. Whilst there is much price variation between species, Tapley et al. (2011) reported prices for Mantella, 'Dendrobates' and Ambystoma species. Adjusting these for inflation provides a mean 2012 real-time price of USD 59.50 each for Mantella, USD 99.21 for 'Dendrobates' and USD 45.78 for Ambystoma. Based on these mean prices the combined annual trade of these three genera were worth . USD 11.5 million.
Trade dynamics
By analyzing the import data set the values presented here are more conservative than those that would have been produced using the export data. They are also considered more accurate levels of the actual trade conducted, being based on the numbers traded rather than permits issued and more robust management and reporting by import countries (Harwood, 1999; Carpenter, 2003) .
The live trade for the global pet market is increasing, with . 60% of the total live trade recorded after 1996. This is in contrast to the international meat trade in CITES-listed species, which is decreasing. Gratwicke et al. (2010) and Schloegel et al. (2009a) reported that international trade for meat from species not listed by CITES remains strong. Trade dynamics are also affected by changes in the status of a species, such as a species being moved from CITES Appendix II to Appendix I, a species being added to Appendix II or, as with L. catesbeianus, when changes in regional or national legislation result in trade being captured and reported. It is unclear whether there was an increasing trend in the trade of either skins or eggs during the study period as the trade events reported were relatively uncommon and resulted in no clear trend.
The spatial dynamics of the trade types were on the whole simplistic, bilateral arrangements between countries. Where this pattern differed it was because products, such as skins, required tanning in one country and craftsmanship in another to change the leather into a product, or because of historical relationships, such as consignments going to traditional colonial countries before then being re-exported to other countries. However, these historical, three-tier structures were often replaced by direct trading between the supply and demand countries where transport routes permitted. Personal interactions, such as an exporter changing the location of their business and their knowledge of the trade operations, also play an important part in these structures. Changes in spatial dynamics because of these factors would often be driven by national and/or international changes in legislation that caused an exporter to change location, often to improve their income but also to circumvent changes in national legislation or governance (A. Carpenter, pers. obs.) .
This study raises several issues for future research. For example, detailed valorization of the trade is required at the species level across all stakeholders involved, especially within the supply country and specifically at the collection sites, to identify the potential benefits to conservation. Furthermore, trade data are important for reviews of CITES-listed species and should be regularly compared with harvest quotas for sustainability. The study also highlights the need for a mechanism for collecting trade data on species not listed by CITES. This would facilitate more accurate calculations of the value of wildlife resources from a country and also provide a way to monitor species that may be considered undesirable alien species. Lastly, in regard to the potential benefits to conservation arising from the trade in wildlife, this study has indicated that there are certain windows of opportunity. Further research is needed to investigate how market dynamics influence trade, conservation and sustainable use (Carpenter et al., 2004 (Carpenter et al., , 2005 . With an increasing number of species being bred ex situ on a commercial scale to meet the demands of trade, it will be useful to monitor how such activities influence supply and demand, price structures and the cost-effectiveness of continuing to collect animals from the wild.
